The aim of this study was to examine both the validity and application of noninvasive measurement of blood pressure (BP) at the brachial artery in hamsters. There were significant correlations between noninvasive and invasive values for systolic BP (SBP), mean BP, and diastolic BP (r=0.96, r=0.93, r=0.88, respectively, all p<0.0001). Furthermore, SBP appeared to be the most accurate noninvasive BP index because both proportional and constant systematic errors were the least among the three indices. Peripheral vascular resistance calculated by combination with echocardiographic indices actually reflected the prominent α 1 -adrenergic drive induced by β-adrenergic blockers. In conclusion, noninvasive BP measurement at the brachial artery can provide useful information regarding the integrated cardiovascular function in hamsters. Key words: blood pressure, hamster, peripheral vascular resistance With a conventional, noninvasive blood pressure (BP) measurement using the tail-cuff method in small animals [8] , it was necessary to warm the animals in order to improve the detection limit of blood flow. However, the sensitivity was substantially improved by the combination of photoplethysmographic and oscillometric methods. If room temperature was higher than 23°C, BP measurement became possible without warming the animals [3] . In a mouse or a rat which has a long tail, BP is measured noninvasively at the tail artery. However, the same approach cannot be applied to some (Received 2 February 2003 / Accepted 31 March 2003 Address corresponding: M. Iwase, School of Health Sciences, Nagoya University, Japan In recent years, knowledge of cardiology at the molecular level has been extended markedly owing to remarkable advances in cell biology. The pathophysiology of heart failure and cardiac hypertrophy has been elucidated utilizing transgenic small animals in which the important proteins regulating myocardial contraction and relaxation are overexpressed or defected [4, 5, 9, 11] . Echocardiography has become applicable to small animals, and the assessment of age-or diseaserelated cardiac functional and structural changes serially over time has become feasible [3] [4] [5] [6] [7] 10] .
With a conventional, noninvasive blood pressure (BP) measurement using the tail-cuff method in small animals [8] , it was necessary to warm the animals in order to improve the detection limit of blood flow. However, the sensitivity was substantially improved by the combination of photoplethysmographic and oscillometric methods. If room temperature was higher than 23°C, BP measurement became possible without warming the animals [3] . In a mouse or a rat which has a long tail, BP is measured noninvasively at the tail artery. However, the same approach cannot be applied to some In recent years, knowledge of cardiology at the molecular level has been extended markedly owing to remarkable advances in cell biology. The pathophysiology of heart failure and cardiac hypertrophy has been elucidated utilizing transgenic small animals in which the important proteins regulating myocardial contraction and relaxation are overexpressed or defected [4, 5, 9, 11] . Echocardiography has become applicable to small animals, and the assessment of age-or diseaserelated cardiac functional and structural changes serially over time has become feasible [3] [4] [5] [6] [7] 10] . species, such as the hamster, which has a short tail. Importantly, cardiomyopathic hamsters have been studied extensively to elucidate the pathophysiology of both heart failure and cardiac hypertrophy [1, 2, 12, 13] . Therefore, the establishment of a method for measuring BP at the brachial artery may be of great use for evaluating cardiovascular function in various cardiovascular disease models in hamsters. Thus, we tried to apply the noninvasive method to measurement of BP at the brachial artery in hamsters and examined whether or not BP values measured noninvasively at the brachial artery correlated with those measured invasively. Furthermore, we examined whether or not peripheral vascular resistance (PVR) derived from echocardiographic indices and noninvasive measurement of BP reflected pathophysiological changes in systemic vascular tone. To the best of our knowledge, this is the first report regarding noninvasive BP measurement in hamsters, a short-tailed species.
The experimental animals were maintained under constant environmental conditions with a 12-h light, 12-h dark cycle (light on from 8:00 to 20:00), and were allowed free access to food and water. Animal care was undertaken in accordance with institutional guidelines, and the experiments were approved by the Committee of Laboratory Animal Utilization of Nagoya University.
Experiment 1:
We examined whether or not BP values measured noninvasively at the brachial artery correlated with those measured invasively. A total of 4 male and 7 female golden hamsters (Japan SLC, Hamamatsu, Japan) (age: 10.5 ± 1.3 weeks, body weight: 122.9 ± 5.1 g) were used. A polyethylene catheter was inserted in the right carotid artery and the right jugular vein under anesthesia by intraperitoneal injection of pentobarbital sodium (65 mg/kg body weight). The BP was measured noninvasively at the left brachial artery by a noninvasive modified tail-cuff method (BP Monitor for Rats & Mice Model MK-2000, Muromachi Kikai, Tokyo, Japan) after confirming that invasive values of BP were stable. During the measurement of BP, hamsters were kept in the supine position. The systolic BP (SBP) was defined as the value at the point when the pulse signal appeared for the first time, and the mean BP (MBP) was defined when the amplitude of the pulse wave was the greatest. The diastolic BP (DBP) was calculated automatically as follows: DBP=(3 × MBP-SBP) / 2. The BP data were expressed as the means of more than three measurements. To examine the accuracy of this noninvasive measurement of BP, the BP was also measured invasively in the right carotid artery by the water-filled method and monitored continuously using a multichannel polygraph system (CG-5501, Fukuda Denshi, Tokyo, Japan). In order to evaluate the validity of this noninvasive BP measurement, an increase in BP was induced with an intravenous injection of norepinephrine at multiple doses (0.05-25 µg/ kg body weight), and a decrease by blood removal. Finally, we examined the correlation between noninvasive and invasive BP values at one hundred different points randomly from the data collected.
The BP measurements were successfully performed in all hamsters examined without shaving hair in the left fore-leg. Representative recordings of BP measured noninvasively (A) and invasively (B) are illustrated in 
Experiment 2:
We examined whether or not PVR derived from the combination of echocardiographic indices and noninvasive values of BP reflected typical pathophysiological changes. A total of 3 male and 5 female golden hamsters (Japan SLC, Hamamatsu, Japan) (age: 18.3 ± 2.8 weeks, body weight: 140.3 ± 10.2 g) were used in this experiment. The BP, electrocardiograms for heart rate (HR) measurement, and echocardiograms were recorded simultaneously before and after an intravenous injection of propranolol hydrochloride (1 mg/kg body weight), a nonselective β-adrenergic blocker. The BP was measured noninvasively at the left brachial artery. Echocardiographic studies were performed with a 13 MHz transducer (Sequia 512, Siemens Medical Solutions USA, Inc., Mountain View, USA). The left ventricular (LV) M-mode echocadiogram at the papillary muscles level was recorded to evaluate LV function, and LV end-diastolic internal dimension (LVDd) and LV end-systolic internal dimension (LVDs) were measured. LV end-diastolic volume (LVEDV) and LV end-systolic volume (LVESV) were calculated by Echocardiographic indices regarding LV volume such as LVDd, LVDs, LVEDV, LVESV, and stroke volume tended to increase after administration of propranolol, but these changes were not significant (Table 1) . On the other hand, HR, LV fractional shortening (LVFS), LV ejection fraction (LVEF), and CO decreased significantly after administration of propranolol (Tables 1 and 2) . Furthermore, no significant differences in SBP, MBP, and DBP were found (Table 2) . Accordingly, PVR SBP increased significantly after administration of propranolol (Fig. 3, Table 2 ), however, PVR MBP was unchanged after administration of the β-blocker (Table 2) . In this study, we confirmed that the values of BP measured noninvasively at the brachial artery of hamsters correlated well with those measured invasively. In addition, we calculated PVR derived from the combination of echocardiographic indices and noninvasive values of BP. Since LVEF and LVFS are affected, mainly by LV afterload as well as by LV preload to a lesser extent, it is important to obtain the parameters of LV afterload for appropriate interpretation of these parameters. In this regard, our simple noninvasive BP measurement is a desirable method for extending cardiovascular functional assessment by echocardiography alone.
There were significant correlations between noninvasive and invasive values for each of SBP, MBP, and DBP. The correlation of SBP was the best among the three BP indices. In addition, both the proportional and the constant systematic errors were the least for SBP among the three indices, strongly suggesting that SBP is the most accurate BP index.
The PVR is regulated by at least three principal factors: (1) autonomic control with α 1 -adrenergic mediated constriction in contrast to vagolytic or β 2 -adrenergic mediated vasodilatation; (2) vasoconstrictory neurohormones such as angiotensin II; and (3) endothelial control (endothelin vs. nitric oxide). Among the above, β-adrenergic action in autonomic vascular control was evident in the current study. Propranolol decreased LV systolic function as indicated by decreased LVFS and LVEF, leading to sympathetic activation. Enhanced sympathetic tone induces the release of norepinephrine from terminal adrenergic nerves as well as elevating plasma norepinephrine levels. Norepinephrine binds to α 1 -, β 1 -, and β 2 -adrenergic receptors. Propranolol, a nonselective β-adrenergic blocker, inhibits both β 1 -and β 2 -adrenergic receptors. Therefore, α 1 -mediated vasoconstriction should be prominent after administration of propranolol. In the current study, PVR was calculated using SBP as well as MBP, though PVR has been calculated using MBP. Considering that SBP might be more accurate than MBP, then PVR SBP rather than PVR MBP should reflect the systemic vascular tone. Actually, PVR SBP was significantly increased, and PVR MBP was unchanged after administration of the β-blocker in the current study. Taken together, the combination of echocardiographic indices and noninvasive BP values in hamsters could predict the vasoconstriction induced by administration of a nonselective β-adrenergic blocker.
In conclusion, noninvasive BP measurement at the brachial artery can provide useful information regarding the integrated cardiovascular function in hamsters.
